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The main efferent sympathetic innervation of the
intrapelvic organs is derived from the superior hypogas-
tric plexus (SHP), also called preaortic plexus or some-
times incorrectly presacral nerve.5 The plexus is located
in front of the abdominal aorta and its bifurcation. It is
formed by the union of fibers from the abdominal aor-
tic plexus (AAP), also called intermesenteric plexus, and
the inferior mesenteric plexus (IMP) with the bilateral
lumbar splanchnic nerves (LSN) (Fig 1).5,6 The IMP is
situated around the root of the inferior mesenteric
artery on the aorta and contains sympathetic pathways
for the left part of the transverse colon as far as the rec-
tum. The main trunk of the SHP is most often shifted to
the left of the midsagittal plane.5 The SHP branches
into two hypogastric nerves (HGN) at or just below the
level of the sacral promontory. Within the pelvis the
mainly parasympathetic sacral splanchnic nerves, also
called pelvic splanchnic nerves, join the HGN forming
the bilateral inferior hypogastric plexus or pelvic plexus.
From the inferior hypogastric plexuses, nerve fibers are
distributed bilaterally to the intrapelvic organs.5,6
Because of their topography the LSNs, SHP, HGNs,
IMP, and AAP are at risk to be injured during aortoiliac
reconstructive surgery.
Dysfunctional ejaculation is a common complication
after aortoiliac vascular reconstruction. This postoperative
complication may occur in as many as 49% to 63% of male
patients undergoing this type of surgery.1 The major part
of these dysfunctions consists of retrograde ejaculation;
other ejaculation disorders include premature and absent
ejaculation.1 Disruption of efferent sympathetic pathways
supplying the bladder neck, the vas deferens, and the
prostate is widely accepted to be the cause of postopera-
tive dysfunctional ejaculation.1-4 To a lesser extent dys-
functional erection is also seen after this type of surgery.
Postoperative dysfunctional erection is most likely caused
by either ultimate proximal disruption of efferent auto-
nomic pathways or hemodynamic disturbances.
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CLINICAL RESEARCH STUDIES
Nerve-preserving aortoiliac reconstruction
surgery: Anatomical study and surgical approach
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DeRuiter, PhD,a Leiden, The Netherlands
Objective: Dysfunctional ejaculation and, to a lesser extent, dysfunctional erection caused by disruption of efferent sym-
pathetic pathways is a common complication after aortoiliac reconstruction surgery. The aim was to give an anatomic
motivation for a nerve-preserving approach on the basis of right-sided unilateral disruption of lumbar splanchnic
nerves.
Methods: Anatomic and microscopic analysis of preaortic and para-aortic retroperitoneal regions in human cadavers was
performed. Anatomic analysis was conducted of two aortoiliac reconstruction operations performed on human cadav-
ers; one was performed according to a single-blind procedure, the second with a modified procedure.
Results: The lumbar splanchnic nerves supplying the superior hypogastric plexus from the right side were found to be
less voluminous than the left-sided ones. The superior hypogastric plexus was found slightly shifted to the left of the
midsagittal plane across the abdominal aorta and its bifurcation. Microscopic analysis revealed a thin fascia between the
aorta and the subperitoneal tissue compartment. This fascia was used as a plain of dissection to mobilize the preaortic
nerve-plexuses without damage from the aortic wall. Analysis of the specimens operated on showed a significant dif-
ference in nerve disruption. The standard procedure caused total disruption of the superior hypogastric plexus and
extensive disruption of the inferior mesenteric plexus. The modified procedure only caused right-sided unilateral dis-
ruption of lumbar splanchnic nerves.
Conclusion: The autonomic nerves supplying the bladder neck, the vas deferens, and the prostate are closely related to
the abdominal aorta and its bifurcation. Right-sided unilateral disruption of lumbar splanchnic nerves without further
damage to nervous structures would ensure at least one functional sympathetic pathway remaining after aortoiliac
reconstruction surgery. (J Vasc Surg 2001;33:983-9.)
This knowledge has led to the development of ejacula-
tion-preserving alternatives that are based on saving the
main trunk of the SHP.7-9 For reasons not quite deter-
mined, these alternatives do not seem to have been fully
incorporated in clinical practice. In some of these studies,
incomplete or vague anatomic information is used to illus-
trate the procedure. Renewed anatomic studies in light of
current surgical procedures can contribute to a better
understanding of postsurgical morbidity and the develop-
ment of new alternative approaches. Performance of
ejaculation-preserving alternatives on anatomic specimens
will be a first support for their surgical feasibility.
In urologic cancer surgery, such as retroperitoneal
para-aortic lymphadenectomy, it is found that after unilat-
eral disruption of LSNs, ejaculation is preserved in 90% of
cases.10 These results are of considerable importance in
the development of an ejaculation-preserving alternative
in any kind of surgery in which the LSNs may be dis-
rupted. Similar effects are reported after unilateral lumbar
sympathectomy.2
A cadaver study was undertaken combining the exper-
tise of both the vascular surgeon and anatomist. The
anatomy of the preaortic and para-aortic retroperitoneal
tissue was extensively studied. Special attention was paid
to the nervous tissues and their anatomic relations to the
surrounding tissues. Furthermore aortoiliac reconstruc-
tion operations with a bifurcation graft were simulated on
cadavers and analyzed to visualize the location and extent
of nerve and nerve-plexus disruption. It was our purpose
to produce an anatomic evidence-based motivation for
preserving functional ejaculation by causing only unilateral
damage to the LSNs and the feasibility of this method in
aortoiliac reconstruction surgery.
MATERIAL AND METHODS
We dissected and analyzed the preaortic and para-
aortic retroperitoneal regions of one male and one female
cadaver. The main interest of these dissections was to gain
a deeper insight into the anatomic relations of nerves and
plexuses to their surrounding tissues. We produced and
analyzed a series of microscopic sections of paraffin-
embedded preaortic and para-aortic tissues, thereby
exposing the anatomic relations between nervous struc-
tures and the covering and underlying fasciae.
Two aortoiliac reconstruction operations with a bifur-
cation graft were simulated on cadavers to compare the
location and extent of nervous tissue damage. The first
operation was performed by an experienced surgeon as a
single-blind procedure according to current techniques
practiced in vascular surgery. The peritoneum and under-
lying tissue complex were opened by making the com-
monly used incision across the abdominal aorta, starting
just distal to the left renal vein. At the level of the aortic
bifurcation, the incision splits, and one incision over each
common iliac artery was made, thus creating a Y-shaped
opening in the peritoneum and subperitoneal tissue. The
entire abdominal aorta and the common iliac arteries were
exposed by freeing them from the subperitoneal tissue.
The root of the inferior mesenteric artery was exposed,
facilitating ligation. The interposition of a bifurcation graft
from the level of the left renal vein to the common iliac
arteries was performed according to standard procedure
and does not need to be discussed further.
With the second operation, special care was taken to
cause only unilateral LSN dissection. Afterward both spec-
imens were dissected meticulously. Various stages of each
dissection were recorded photographically. Preservation of
all used cadavers was performed by injection of embalm-
ing fluid into the femoral artery, consisting of 36%
formaldehyde with a mixture of ethanol, glycerin, phenol,
K2SO4, Na2SO4, NaHCO3, NaNO3, and Na2SO3. All
used cadavers were adult specimens without signs of any
aortoiliac reconstruction surgery or other surgery in the
retroperitoneal region. The specimens showed the regular
JOURNAL OF VASCULAR SURGERY
984 van Schaik et al May 2001
Fig 1. Schematic representation of main sympathetic pathways
that supply intrapelvic organs, based on dissection specimen. A,
Abdominal aorta; AAP, abdominal aortic plexus; AIE, external
iliac artery; AII, internal iliac artery; AR, renal artery; CA, com-
mon iliac artery; CV, common iliac vein; I, inferior mesenteric
artery; LSN 1, 2, 3, lumbar splanchnic nerves from lumbar level 1,
2, 3; R, left renal vein; SC, sympathetic chain; U, ureter; V, infe-
rior vena cava.
patches of calcifications in the abdominal aorta and com-
mon iliac arteries as normally seen in elderly patients. No
other pathologic condition affecting the anatomy of the
retroperitoneal region was found.
RESULTS
Anatomic dissection. During exploration of the
retroperitoneal region, the parietal peritoneum above the
abdominal aorta was incised and dissected bilaterally.
Underneath the peritoneum a complex tissue layer con-
sisting of lymphatic and vascular elements, nervous struc-
tures, and fat was found covering the abdominal aorta and
its retroperitoneal branches, the inferior vena cava, the
ureters, and the psoas muscles. This tissue layer could be
very thick in more obese specimens. While in situ, the
retroperitoneal fat above and next to the aorta and in
between the common iliac arteries was carefully removed,
together with the lymphatic structures and minor blood
vessels. The nerves and nerve-plexuses were found deeper
in this layer, close to the aortic wall, sometimes separated
from it by a thin layer of fat. Just caudal to the left renal
vein the AAP was identified as a small number of inter-
connections between the celiac plexuses and the IMP (Fig
1). The IMP appeared as a dense mass around the base of
the inferior mesenteric artery (Figs 1 and 2). Many inter-
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connections were observed between the IMP and the
SHP, making discrimination between these two plexuses
difficult. The LSNs were exposed by removal of the
retroperitoneal fat on both sides of the abdominal aorta.
The LSNs make their way from the sympathetic chain
through the para-aortic tissues toward the preaortic
plexuses (Figs 1 and 2). On the right side of the aorta, the
LSNs reach the superficial layer through the narrow space
between the abdominal aorta and the inferior vena cava.
On the left side the LSNs run freely through the para-
aortic tissue. Some fusion and redividing among the LSNs
was found, making it difficult to assign the LSNs lateral to
the aorta to a particular lumbar level (Fig 1). In general,
though, it can be stated that especially the LSNs emerging
from the L1-L3 area were seen connecting to the IMP and
SHP (Figs 1 and 2). The SHP was found situated in front
of the distal abdominal aorta and its bifurcation, the left
common iliac artery and vein, the median sacral vessels,
the body of the fifth lumbar vertebra, and the promontory
of the sacrum. It appeared as a fenestrated network of
fibers varying in shape, size, and degree of condensation.
The major part of the plexus was found slightly shifted to
the left, with its principal mass resting on the left common
iliac artery (Fig 1). At approximately the level of the sacral
promontory the SHP divided into two HGNs that ran
Fig 2. a, Ventral view into abdomen. Visceral organs, peritoneum, and preaortic and para-aortic tissue except for nervous structures have
been removed. Inferior vena cava (V) has been sectioned just below crossing of left renal vein (R) and retracted caudally. Inferior mesen-
teric artery (I) has been removed except for trunk. Because of arteriosclerotic disease, aorta has shifted left of midsagittal plane, thereby
placing SHP in front of right common iliac artery instead of left common iliac artery, where it is usually situated. b, Detailed view of
right-sided lumbar splanchnic nerves (LSNs) as shown in a (90-degree rotation). c, Detailed view of left-sided LSNs as shown in a (90-
degree rotation). A, Abdominal aorta; CA, common iliac artery; P, psoas muscle; SC, sympathetic chain; U, ureter. LSNs are lifted by
probe (asterisk).
bilaterally into the small pelvis, about 2 cm medial and
parallel to the course of the ureters. They invariably fol-
lowed the subperitoneal layer between the peritoneum
and the endopelvic fascia.
Dissecting the retroperitoneal area it was possible to
mobilize the tissue overlying the aorta, the inferior vena
cava, and the endopelvic fascia situated between the com-
mon iliac arteries. These retroperitoneal structures
appeared to be separated from the overlying fatty mass by
a distinguishable loose connective tissue plane, thus creat-
ing separate compartments. This plane covers the abdom-
inal aorta, the common iliac arteries, the para-aortic fat
compartments and the inferior vena cava. The continua-
tion of this fascia in the endopelvic fascia could be demon-
strated. With this plane used as a natural plane of cleavage,
it is possible to expose the abdominal aorta. Structures
coursing from one compartment to the other (ie, the
LSNs and the inferior mesenteric artery) simply cross the
connective tissue plane and are bound to be disrupted
when separating the compartments. This phenomenon is
also observed in the pelvic region where the sacral
splanchnic nerves break through the endopelvic fascia to
reach the subperitoneal tissue compartment. The subperi-
toneal tissue compartments overlying the abdominal aorta
and the pelvic region are continuous. The preaortic
plexuses and the HGNs follow the subperitoneal tissue
compartment. This fact makes it possible to mobilize the
subperitoneal tissue compartment, including the nervous
tissues lying within, without identifying or damaging these
structures. It is inevitable, however, to dissect the LSNs at
least unilateral to expose the abdominal aorta.
Microscopic evaluation. Microscopic analysis of
preaortic and para-aortic tissues confirms the plane of sep-
aration as a thin, dark-blue–colored line in an Azan-
stained microscopic specimen, suggesting that it contains
collagen fibers. Vascular and nervous structures were iden-
tified in the subperitoneal tissue compartment (Fig 3).
Evaluation of operation specimens. Dissection of
the specimen operated on according to the single-blind
procedure showed extensive damage to the SHP and the
IMP. The preaortic incision had totally split the main
trunk of the SHP. The diagonal incisions following the
common iliac arteries had separated the remaining parts of
the SHP from the site where it splits. No remaining con-
tinuity was found between the supplying sympathetic
pathways and the HGNs. The IMP was found disrupted in
the process of exposing the root of the inferior mesenteric
artery (Fig 4, b).
During the second procedure special care was taken to
cause only unilateral LSN-disruption. For several reasons
the right-sided LSNs were chosen to be sacrificed. In the
first place a left-sided approach could cause a problem run-
ning into the sigmoid mesentery. Second, the main trunk
of the SHP is most often found shifted slightly to the left
of the midsagittal plane,5 suggesting a right-sided approach
(Fig 1). Finally, in several cases the left-sided LSN contri-
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Fig 3. Microscopic sections of preaortic tissue. Ventral side of specimen is at top end of photograph. Preaortic fascia (PF) is closely
aligned with adventitia of aortic wall (A). a, PF is separated from aorta by slight manipulation of specimen. Bar = 600 µm. b, Anatomic
integrity is preserved. Bar = 200 µm. C, Connective tissue septum; F, fat tissue; N, nervous structures; VS, vascular structures.
butions appeared more dense and voluminous, suggesting
it was most appropriate to spare them. The initial incision
was placed across the right common iliac artery up to an
inch below the aortic bifurcation. The incision was
extended cranial 1 cm parallel to the right side of the aorta
up to the left renal vein (Fig 4, c). The opening was now
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deepened as far as needed to expose the aorta. An isolated
second incision was made over the left common iliac artery,
approximately 4 cm caudal from the bifurcation, allowing
local exposure of the arterial wall (Fig 4, c). With the afore-
mentioned plane of cleavage, the peritoneum together
with the subperitoneal layer was mobilized and pushed
Fig 4. Ventral view into abdomen after removal of visceral organs. (a and b) View of retroperitoneal region after interposition of bifurcation
graft (G) according to standard procedure. (b) Exposure of sympathetic pathways of specimen in a, which clearly shows total disruption of
SHP. (c and d) View of retroperitoneal region after interposition of bifurcation graft according to nerve-preserving procedure. (d) Exposure
of sympathetic pathways of specimen in c, which clearly shows only right-sided damage to LSNs. A, Abdominal aorta; CA, common iliac
artery; CV, common iliac vein; E, endopelvic fascia; I, inferior mesenteric artery; P, psoas muscle; Pr, sacral promontory; R, left renal vein; U,
ureter; V, inferior vena cava. Dotted lines correspond with incisions used to open peritoneum and subperitoneal tissue compartment.
aside a little, thus exposing the aorta below the renal vein
except for the area around the root of the inferior mesen-
teric artery. The incision opening the aorta was placed
slightly to the right, ensuring that damage to the inferior
mesenteric region was avoided. The left common iliac
artery was opened by use of the separate incision of the
peritoneum and retroperitoneal tissue layer. The left leg of
the bifurcation graft was tunneled underneath this tissue
layer and anastomosed to the left common iliac artery (Fig
4, c). Instead of ligating the inferior mesenteric artery from
the outside, the orifice was closed on the inside by use of a
cross-stitch to prevent damage to the inferior mesenteric
plexus. Dissection of the specimen showed total disruption
of the right LSNs connected to the SHP. The left LSNs,
the SHP, and the IMP, however, were found to be intact,
showing no damage at all (Fig 4, d).
DISCUSSION
Although discussed in literature, the problem of post-
operative impaired ejaculation and erection remains of cur-
rent interest. This study provides an anatomic basis for an
ejaculation and erection-preserving protocol in aortoiliac
reconstruction surgery. Several nerve-preserving alterna-
tives, mostly on the basis of sparing the main trunk of the
SHP, have been suggested.7-9 However, accurate anatomic
descriptions motivating these suggestions are not available.
Previously published cadaver dissections have already
proven a successful basis for the development of nerve-
sparing techniques in various types of surgery.11,12
In urologic cancer surgery such as retroperitoneal
para-aortic lymphadenectomy in patients with testicular
tumors, dysfunctional ejaculation as a postoperative
complication has been studied extensively.13-15 The
LSNs are intimately intertwined with the lymphatic tis-
sue that is removed during retroperitoneal lym-
phadenectomy. Severe disruption of LSNs is therefore
considered the specific cause of dysfunctional ejaculation
after this type of surgery. It is found, however, in post-
operative morbidity studies that, as opposed to bilateral
radical lymphadenectomy, in unilateral radical lym-
phadenectomy, ejaculation is preserved in 90% of
cases.10 This phenomenon can be explained by findings
of nerve fibers, crossing over at various levels of the
aforementioned sympathetic pathways in rats.16 After
unilateral lumbar sympathectomy, there is usually no
permanent loss of ejaculation, as opposed to bilateral
lumbar sympathectomy, where dysfunctional ejaculation
occurs in up to 54% of cases.2
Loss of functional ejaculation after aortoiliac surgery is
caused by disturbance of sympathetic pathways situated
next to and in front of the abdominal aorta, its bifurcation,
and the common iliac arteries. The SHP is especially at risk
because of its topography. Our dissections point out that
the AAP only consists of a few minor connections between
the celiac plexuses and the IMP. The LSNs therefore con-
tribute most to the SHP. Regarding postoperative dys-
functional ejaculation, it is thought that the AAP can be
sacrificed if needed. Most nerve-sparing alternatives do
not mention the LSNs. They do not properly explain how
functional ejaculation is preserved.
Minimal modifications of current operative techniques
are needed to ensure only right-sided unilateral LSN dis-
turbance in performing aortoiliac reconstruction surgery.
In the first place it is of great importance to approach the
abdominal aorta unilaterally. A right-sided approach was
chosen to spare the more voluminous parts of the plexus
and to avoid running into the sigmoid mesentery. It is rec-
ommended that the initial incision be placed across the
right common iliac artery up to 2 cm below the aortic
bifurcation to avoid damage to the inferior vena cava.
Subsequently this incision can be extended cranial
between the inferior vena cava and the abdominal aorta.
The latter can be exposed except for the area around the
inferior mesenteric artery by carefully separating the sub-
peritoneal compartment from the aortic wall. Second, an
isolated incision over the left common iliac artery, approx-
imately 4 cm caudal from the aortic bifurcation, will
expose the arterial wall without disturbing the SHP.
Third, the aorta should be opened slightly to the right side
to avoid dissection of the inferior mesenteric plexus and
parts of the SHP. Fourth, the remaining tissue flap
between the two incisions can be mobilized en bloc, allow-
ing the left leg of the bifurcation graft to be tunneled
underneath it, without dissecting the SHP or HGNs.
Finally, if necessary the orifice of the inferior mesenteric
artery should be closed from the inside, leaving the IMP
intact.
With the use of this technique of exposure and open-
ing of the aorta and common iliac arteries during aortoil-
iac reconstruction surgery, it is possible to leave one of the
pathways intact without interfering with the actual surgery
protocol. Operation time is not significantly lengthened.
In this study we have evaluated the most commonly
used transperitoneal approach. If a retroperitoneal ap-
proach is chosen in aortoiliac reconstruction surgery, uni-
lateral disruption of LSNs, whether the approach is
right-sided or left-sided, is inevitable. If the aorta is mobi-
lized without disturbing the covering subperitoneal tissue,
damage will most probably be limited to unilateral LSNs
without damaging the AAP, IMP, SHP, or HGNs. Specific
literature data on disruption of the left-sided LSNs and its
consequences for sexual function are lacking. On the basis
of the results of unilateral lymphadenectomy, which usu-
ally concerns the right-sided para-aortal lymphnodes and
the left-sided dominance of the LSNs, we would prefer 
a right-sided approach in both retroperitoneal and
transperitoneal surgery. Because retroperitoneal surgery
would approach the aorta from the left side in most cases,
further study should elucidate whether preserving the
right-sided LSNs maintains functional ejaculation as well.
It must also be noted that, if possible, endovascular treat-
ment of aortic aneurysms has potential benefits over con-
ventional aortic reconstruction. Besides shorter hospital
stay and quicker resumption of normal activities, endovas-
cular treatment of aortic aneurysms would avoid dysfunc-
tional ejaculation or erection.
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In conclusion, this study clearly shows the difference
in location and extent of nerve disruption following vari-
ous protocols and the feasibility of the nerve-preserving
procedure. Knowledge of the anatomic motivation behind
certain nerve-sparing techniques may contribute to their
incorporation in clinical practice. In an era in which ther-
apeutic interventions are increasingly judged by the result-
ing quality of life all efforts should be made to minimize
postoperative morbidity.
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